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(54) Neutron shielding materials and a cask for spent fuel 



(57) A high-polymer neutron shielding material 
which scarcely reduces the hydrogen number density 
when exposed to a high temperature of 1 50 to 200°C 
for a long time period 

A heat-setting type epoxy resin Is employed. The 
base resin is selected from various epoxy resins such 
as bisphenol A type epoxy resin . The hardener is select- 
ed from alicyclic polyamine, polyamide amine, aromatic 
polyamine, acid anhydride, and so on. These materials 
are mixed and hardened at a temperature higher than 
the room temperature. To give a flame resistance to the 



hardened resin, afire retardant such as magnesium hy- 
droxide Is added to the mixture. To improve the neutron 
shielding performance of the hardened resin, a neutron 
absorbing material is added to the mixture. Further, to 
increase the moderating performance, hydrogenated bi- 
sphenol A epoxy resin Is used as the base resin or metal 
hydride or hydrogen absorbing alloy is added. The 
present neutron shielding material works as a significant 
neutron shielding material as Its hydrogen number den- 
sity does not go down for a long time under a high-tem- 
perature condition and the neutron shielding perform- 
ance does not go down. 
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Description 

[0001] The present invention relates to a neutron 
shielding material and more particularly to a neutron 
shielding material which is preferably applicable to radi- 
ation shielding parts such as reactor vessels, radioac- 
tive material treating facilities such as a nuclear fuel re- 
processing facility, a spent fuel storing facility and an 
accelerator facility, a cask for transporting radioactive 
materials, and a cask for storing radioactive materials. 
[0002] Spent fuel assembly are taken out from an 
atomic reactor, stored in water-cooled pools atthe atom- 
ic power plant site for a preset time period to attenuate 
radiation dose and calorific power, and then transported 
to a processing facility such as a fuel reprocessing fac- 
tory and the like. Recently in countries outside Japan, 
the spent nuclear fuel assembly are transported to a 
centralized storage facility (dry storage facility) and 
stored there. A radioactive storing shell called a metal 
cask is used to carry the spent nuclear fuel assembly 
from the atomic power plant site to such a facility and 
store there. 

[0003] A metal cask consists of an outer shell which 
forms the container, an inner shell having heat-transfer- 
able fins made of high heat-conductivity metal plates 
such as copper or aluminum spaced on the outer pe- 
riphery of the inner shell, and a metallic basket placed 
inside the inner shell. The space between the outer and 
inner shells is filled with a hardened resin which works 
as a neutron shielding material. The inner shell having 
an opening on the top is made of carbon steel and can 
shield gamma rays. The metallic basket has a plurality 
of cells each of which is designed to store a spent fuel 
aggregate. One metallic basket can store a total of 30 
to 70 spent fuel assembly. The opening of the inner shell 
is closed with a primary lid to prevent leakage of radio- 
active materials and a secondary lid which is placed 
over the primary lid. 

[0004] The resin working as a neutron shielding ma- 
terial is a material containing a lot of hydrogen atoms, 
that is a material having a high hydrogen number den- 
sity, Among various kinds of high polymer compounds, 
the metal casks usually employ epoxy resins because 
the relationship of heat resistance and hydrogen 
number density is well balanced. In this case, the resin 
is a homogeneous mixture of base liquid epoxy resin, 
amine type hardener, aluminum hydroxide which gives 
flame resistance to the resin, and boron carbide which 
works as a neutron absorbing material. This liquid resin 
is poured into the space surrounded by the inner shell, 
the outer shell and the heat-transferable fins and hard- 
ened there at room temperature. 
[0005] Below will be explained neutron shielding ma- 
terials using thermo-setting resins such as epoxy resin 
which are applied to other than metal casks. Japanese 
Application Patent Laid-open Publications No. 
06-1 48388 discloses a neutron shielding material which 
is obtained by mixing a multifunctional epoxy resin, a 



poly-amine mixture, and an imidazole compound, and 
reacting thereof to harden at room temperature. Japa- 
nese Application Patent Laid-open Publications No. Hei 
06-1 80388 discloses a neutron shielding material which 
5 is hardened under pressure and heating with a phenol 
resin as a binder. 

[0006] It has been discussed whether dry storage of 
spent fuel in and outside the nuclear power plant site is 
available for loose storage of spent fuel assembly in the 
10 water-cooled pools. In future, dry storage will be avail- 
able for spent fuel assembly which are not stored so long 
in the water-cooled pools and further for high-burnup fu- 
el assembly (45 GWd/ton). Such fuel assembly have 
great calorific power due to decays of fission-produced 
'5 nuclides and transuranic elements. When the number 
of spent fuel assembly to be stored in such a metal cask 
increases, the neutron shielding material will have a 
greater thermal load as its thermal conductivity is small- 
er than that of metals. 
20 [0007] Preferably, it is an object of the present inven- 
tion to provide a neutron shielding material which can 
be available at a higher temperature. 
[0008] In one aspect the present invention provides a 
neutron shielding material with the hardened material 
25 prepared by mixing a base resin which contains a com- 
pound including two or more epoxy groups in the mole- 
cule as at least one component with a hardener for 
opening said epoxy rings and polymerizing thereof at a 
temperature higher than room temperature. 
30 [0009] Even when the neutron shielding material of 
the present invention is keptat150°Cto200°C, its neu- 
tron shielding performance will not go down as the hy- 
drogen number density of the neutron shielding material 
has a very little rate of reduction at such a high temper- 
as ature.Thespent fuel storlngshell employing the neutron 
shielding material of the present invention can store 
more spent fuel assembly which are stored for a short 
period in a water-cooled pool or high-burnup fuel as- 
sembly. 

40 [0010] In an aspect the present invention provides a 
neutron shielding material with the hardened material 
prepared by mixing a base resin which is prepared by 
mixing a base resin which contains a compound includ- 
ing two or more epoxy groups in the molecule as at least 

45 one component with a hardener for opening said epoxy 
rings and polymerizing thereof, wherein the setting tem- 
perature is higher than room temperature. 
[0011] Welnventors cleared upthe problems involved 
in storing spent fuel assembly which are stored for a 

50 short period in a water-cooled pool or high-burnup fuel 
assembly in metal casks and discussed measures to 
solve the problems. The result of the discussion will be 
explained in detail below, 

[0012] The spent fuel assembly which are stored for 
55 a short period in a water-cooled pool or high-burnup 
spent fuel assembly generate high calorific power due 
to decays of fission products and transuranic elements. 
We found "the temperature of the neutron shielding ma- 
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terial in the metal cask goes up to 150°Cto 200°Cwhen 
a lot of assembly are stored in a single metal cask." 
[0013] When heated up, the neutron shielding mate- 
rial having a high-polymer compound as its main com- 
ponent becomes oxidized and deteriorated by heat and 
oxygen or gradually decomposed by radioactive rays 
such as gamma rays and neutrons and loses hydrogen 
atoms. As the result, the neutron shielding material 
gradually loses its neutron shielding performance. The 
rate of losing hydrogen atoms goes greater as the tem- 
perature becomes higher. For longterm storage of spent 
fuel assembly which are stored for a short period in a 
water-cooled pool and high-burnup spent fuel assembly 
(which are also called high exothermic spent fuel as- 
sembly) at a high temperature densely in a metal cask, 
a neutron shielding material must be developed which 
loses hydrogen atoms so slowly and does not lose the 
neutron shielding performance for a preset time period 
at high temperature. It is possible to suppress the radi- 
ation dose low on the surface of the metal cask if the 
hydrogen atom losing rate of the neutron shielding ma- 
terial is below the decaying rate of the neutron-emitting 
nuclides in the spent fuel assembly. Judging from these, 
one of measures in densely storing high exothermic 
spent fuel assembly is to produce neutron shielding ma- 
terial by using a high-polymer compound which has a 
high hydrogen number density and is reluctant to lose 
hydrogen atoms under high-temperature conditions. 
[0014] We inventors have made various discussions, 
studies and researches to realize neutron shielding ma- 
terials wh ich are slow to lose hydrogen atoms at 1 50°C 
to 200°C and developed by mainly using epoxy resins 
because the epoxy resins have good heat resistance, 
neutron-shielding performance, and dimensional stabil- 
ity of molded products. The term "epoxy resin" here 
mainly means so-called 2-component hardening type 
epoxy resin. The 2-component hardening type epoxy 
resin comprises a base epoxy resin having two or more 
epoxy groups in the molecule and a hardening agent 
which is used together to harden. The epoxy resins are 
classified into three (room-temperature setting type, 
medium-temperature setting type, and high-tempera- 
ture setting type) according to setting conditions. Medi- 
um- and high-temperature setting types are sometime 
called heat-setting epoxy resins. This classification is 
dependent upon combinations of base resin and hard- 
ener. As a rough example, a bisphenol A type epoxy res- 
in is hardened by an aliphatic polyamine type hardener 
at room temperature. Similarly, the bisphenol A type 
epoxy resin is hardened by alicyclic polyamine and 
polyamlde amine type hardeners respectively at room 
and medium temperatures. To harden the bisphenol A 
type epoxy resins at a high temperature, aromatic 
polyamine type hardeners and acid anhydride are used. 
The medium-temperature setting type epoxy resins are 
the epoxy resins whose primary setting temperature is 
loosely in 40°C to 80°C and the high-temperature set- 
ting type epoxy resins are the epoxy resins whose pri- 



mary setting temperature is 80°C or higher. 
[0015] In general, it is well known that the hardened 
resin product can have higher heat resistance as the 
setting temperature goes higher. In other words, the 
5 high-temperature setting type resins are more heat re- 
sistant than the medium-temperature setting type resins 
when they are hardened. Similarly, the medium-temper- 
ature setting type resins are more heat resistant than 
the room-temperature setting type resins. The "heat re- 
10 sistance" here is used to determine a high temperature 
limit allowable for the resin in respect to the mechanical 
strength, using a glass-transition temperature or a heat 
distortion temperature as the index. Contrarily, the ther- 
mal resistance index specific to neutron shielding ma- 
's terials is not such an index that is related to the mechan- 
ical strength, but related to the rate at which the hydro- 
gen number density reduces and approximately to the 
rate at which the weight reduces by heat. We inventors 
hardened base epoxy resins under various conditions 
20 and evaluated the rates of resins (heat resistance) at 
which the weight reduces by heat, considering that the 
resins are applicable to neutron shielding materials. As 
the result, we discovered that the resins which are hard- 
ened at higher temperature have slower weight reduc- 
es tion rates. 

[0016] As shown in Fig. 1, the hardened resin pre- 
pared by hardening bisphenol A type epoxy resin with 
an aromatic amine or acid anhydride at a high temper- 
ature has slower weight reduction rates (at 200°C) than 
30 the hardened resin prepared by hardening bisphenol A 
type epoxy resin with an aliphatic polyamine or polya- 
mideamine hardener at room temperature. Similarly, the 
hardened resin prepared by hardening bisphenol A type 
epoxy resin with an alicyclic amine at a high temperature 
35 explicitly has slower weight reduction rates than the 
hardened resin prepared by hardening bisphenol Atype 
epoxy resin with an alicyclic amine at room temperature. 
Further, we hardened non-bisphenol A epoxy resins (e, 
g. bisphenol F, phenol novolac, and glycidyl amine type 
40 epoxy resins) with acid anhydride at a high temperature 
and found that their weight reduction rates due to heat 
could be extremely smaller as shown in Fig. 2. Judging 
from these test results, we inventors have concluded 
that medium- and high-temperature setting type epoxy 
45 resins can be applied as neutron shielding materials to 
be used in high-temperature environments. 
[0017] As the analytic result of elementary composi- 
tions of said hardened epoxy resins, we found "the hy- 
drogen number densities of the hardened epoxy resins 
50 in combination with acid anhydride or aromatic amine at 
high temperature are usually lower than those of the 
epoxy resins hardened at room temperature." Also in 
such a case, the neutron shielding material comprising 
the above hardened epoxy resin can have a required 
55 neutron shielding performance by increasing its thick- 
ness. However, we have found that we need not in- 
crease the thickness of the neutron shielding material 
(or increase the thickness just a little) if we take some 
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measures to increase its hydrogen number density. The 
first measure to increase the hydrogen number density 
of epoxy resins without destroying the high heat resist- 
ance is substituting the bisphenol A base epoxy resin 
by alicyclic glycidyi ether or the lil<e which contains more 
hydrogen atoms and hardening thereof at a high tem- 
perature. To increase the hydrogen number density of 
the hardened epoxy resins, the second measure is to 
add metal hydride such as titanium hydride when the 
epoxy resins are in combination with acid anhydride or 
aromatic amine as a hardener In case alicyclic amine 
is used as a hardener, the hydrogen number density of 
the hardened epoxy resin can be increased much more 
when metallic hydride is added. The third measure is to 
substitute part of acid anhydride (when the acid anhy- 
dride is used as a hardener) by an amine type hardener 
whose quantity to the base resin can be less. This in- 
creases the rate of amine type hardener in the base res- 
in having a high hydrogen content and consequently in- 
creases the hydrogen number density of the hardened 
resin. The present invention contains any of the above 
measures to increase the hydrogen number densities of 
the hardened epoxy resins. The heat-setting epoxy res- 
ins scarcely lose the neutron shielding performance for 
a iong time period as they are high heat resistant and 
slow to lose hydrogen atoms. Particularly, the first, sec- 
ond, or third measure can suppress thethlcl<ness of the 
neutron shielding material whose hydrogen number 
density is low. 

[0018] Judging from the empirical rule that the heat- 
setting type epoxy resins which are superior in heat re- 
sistance have a lower hydrogen number density, it had 
been assumed that the measure of using alicyclic glyci- 
dyi ether as the base resin might reduce the heat resist- 
ance of the resin. However, our test results have told 
that, when the normal bisphenol A epoxy resin is sub- 
stituted partially or wholly by alicyciic di-giycidyl ether 
the weight reducing rate of the hardened resin at 200°C 
is extremely low if the resin is heat-hardened by acid 
anhydride. From this test resuit, we inventors hit on an 
idea that a high heat-resistant neutron shielding material 
having an excellent neutron shielding performance can 
be produced from alicyclic di-giycidyl ether It has been 
weli-l<nown that adding metal hydride to room-temper- 
ature type epoxy resin for neutron shielding Increase the 
hydrogen number density effectively. However, when 
metal hydride is added to a heat-setting type epoxy resin 
(not a room-temperature setting type epoxy resin) to be 
used as a neutron shieiding material, a peculiar problem 
occurs. Undera heated setting condition, metal hydride 
and a hardener such as acid anhydride reactvery quicl<- 
ly and the reactant may lose hydrogen atoms easily. As 
for this problem, we inventors added metal hydride to 
the mixture of heat-setting type epoxy resin and a hard- 
enerto be hardened and evaluated the reaction. As the 
result, we found "metal hydride reacts with neither hard- 
ener nor base resin." Judging from this test result, we 
hit on an idea that we can increase the hydrogen number 



density of the heat-setting type epoxy resin by adding 
metal hydride to the epoxy resin. 
[001 9] It sometimes happens that hydrate of metal ox- 
ide is added as afire retardantto the epoxy resin to give 

5 flame resistance to the epoxy resin to be used as neu- 
tron shielding material. Forexample, a neutron shielding 
material used in a metal cask is an example of neutron 
shielding material including afire retardant. Usually, hy- 
drated aluminum usually known as alumina trihydrate is 

10 added to the room-temperature setting type epoxy resin. 
When heat-setting epoxy resins are applied as neutron 
shielding materials, it is peculiar that water must be re- 
moved from the fire retardant while the epoxy resin is 
heated and hardened. However, this dehydration of the 

'5 fire retardant will reduce the hydrogen number density 
of the neutron shielding material and consequently this 
leads to a reduction in the neutron shielding perform- 
ance of the epoxy resin. The epoxy resin is sometimes 
heated up to about 200°C while setting Is in progress 

20 because the neutron shielding material of the present 
invention is assumed to be used mainly under a temper- 
ature condition of 150°C to 200°C. In other words, any 
fire retardant that starts to dehydrate below 200°C may 
not be available to the heat-setting type epoxy resins. 

25 Therefore, we must clarify a standard for selecting fire 
retardants. 

[0020] In general, it has been known that alumina tri- 
hydrate starts dehydration at about 200°C. This temper- 
ature is evaluated by the differential themial caiorimetry 

30 and thennogravimetric analysis that heats up compara- 
tively slowly at a rate of a few degrees per minute for 
measurement. However, after our more careful and ex- 
act differential thermal caiorimetry and thennogravimet- 
ric analysis, we found that alumina trihydrate already 

35 started dehydration at about 1 70°C at a significant rate. 
Therefore, in some cases, alumina trihydrate cannot be 
applied to the heat-setting epoxy resins. Similarly, it has 
been known that magnesium hydroxide starts dehydra- 
tion at about 31 0°C. However, afterourmore careful and 

40 exact analysis, we found that magnesium hydroxide 
started dehydration at about 290°C at a significant rate. 
This dehydration starting temperature is fully higher 
than the maximum hardening temperature (about 
290°C) of heat-setting epoxy resins and magnesium hy- 

45 droxide can scarcely dehydrate at actual hardening tem- 
perature. To ascertain this, we inventors kept magnesi- 
um hydroxide at 200°C for 200 hours and measured its 
weight reduction rate. The weight reduction rate was 
0.1% or less. Judging from the above, any of alumina 

50 trihydrate and magnesium hydroxide can be added as 
afire retardantto a heat-setting type epoxy resin forneu- 
tron shielding which is hardened at medium temperature 
in combination with an alicyclic polyamine or polyamide 
amine hardener. When the epoxy resin is hardened by 

55 an aromatic amine or acid anhydride hardener at a max- 
imum hardening temperature (about 200°C), a prefera- 
ble fire retardant is magnesium hydroxide. This is our 
explicit standardforselectingfire retardants. By theway, 
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magnesium hydroxide dehydrates vigorousiy at about 
350°C. Some room-temperature setting epoxy resins 
thermally decompose at lower temperatures. However, 
magnesium hydroxide cannot function as a fire retard- 
ant for such epoxy resins If the epoxy resins may be 
heated up to 300°C. Contrarily, almost all heat-setting 
type epoxy resins thermally decompose at about 350°C. 
Therefore, we can say magnesium hydroxide Is the 
most preferable fire retardant for the heat-setting type 
epoxy resins. Additionally, if a little dehydration is al- 
lowed In the heat-setting process or If the thickness of 
the neutron shielding material Is determined in advance 
to mal<e up for the loss by dehydration, alumina trihy- 
drate can be added to the high-temperature setting 
epoxy resins, We Inventors also found that it is possible 
to add phosphor compound and halide type fire retard- 
ants (which have been widely used as fire retardants in 
general Industrial fields) to heat-setting epoxy resins to 
be used for neutron shielding judging from the discus- 
sions similar to those on magnesium hydroxide. As ex- 
plained above, we inventors can clarify a standard for 
selecting fire retardants available to heat-setting epoxy 
resins to be used for neutron shielding materials from 
our results of tests on fire retardants. 
[0021] Neutron shielding materials made of heat-re- 
sistant high-polymer materials can contain a neutron ab- 
sorbing material such as a boron compound which has 
a great neutron-absorbing sectional area. The typical 
example is the neutron shielding material used in a met- 
al cask. For this purpose, boron carbide is added to 
room-temperature setting type epoxy resins. When 
heat-setting epoxy resins are applied as neutron shield- 
ing materials, it is peculiar that the neutron-absorbing 
component (e.g. boron carbide and boron nitride) may 
react with components of the heat-setting epoxy resin 
such as base resin, hardener such as acid anhydride, 
and fire retardant such as magnesium hydroxide at high 
temperature. Experimentally, we inventors have ascer- 
tained that boron carbide and boron nitride do not react 
with components of the heat-setting epoxy resin such 
as base resin, hardener such as acid anhydride, and fire 
retardant such as magnesium hydroxide at high temper- 
ature. From the above discussion, we Inventors hit on 
an Idea that we can Improve the neutron shielding per- 
formance of the neutron shielding material made of a 
heat-setting epoxy resin without losing the characteris- 
tics of the hardened material by adding a boron com- 
pound such as boron carbide and boron nitride as the 
neutron absorbing material to the epoxy resin. For the 
similar reason, non-boron compounds such as gadolin- 
ium oxide and samarium oxide are also available as 
neutron absorbing materials. 

[0022] As apprarent from the above explanation, the 
present Invention has been made from our own pro- 
found experiments and evaluations which clarify that the 
heat-setting epoxy resins can be applied as neutron 
shielding materials. 

[0023] The base resin is preferably a member select- 



ed from the group of bisphenoi A epoxy compound, no- 
volak epoxy compound, allcycllc giycidyl ether type 
epoxy compound, various giycidyl ester type epoxy 
compound, giycidyl amine type epoxy compound, and 

5 biphenol type epoxy compound or a mixture thereof. 
[0024] The hardener is preferably a member selected 
from the group of amine type hardener such as aromatic 
amine, alicycllc amine, and polyamide amine, acid an- 
hydrate type hardener, and imidazole type hardening 

10 promoter or a mixture thereof. Below will be explained 
the quantity of respective hardeners to be added to the 
base resin. If the equivalent ratio of epoxy groups In the 
base resin to active hydrogen atoms in the hardener is 
not 0.7 to 1 .3, excessive base resin or hardener may be 

'5 left in the hardened resin. As both the base resin and 
the hardener have vapor pressures, the excessive base 
resin or hardener will evaporate when heated up. This 
causes a loss of hydrogen atoms in the hardened resin. 
Therefore, the equivalent ratio of epoxy groups in the 

20 base resin to active hydrogen atoms In the hardener 
should be 0.7 to 1 .3 and more preferably about 1 .0 to 
make the hardened resin has a low weight reduction rate 
due to heat. 

[0025] The fire retardant is preferably a member se- 

25 lectedf rom the group consisting of metal hydroxide such 
as magnesium hydroxide, aluminum hydroxide, and cal- 
cium hydroxide, hydrates of said metal oxide. Inorganic 
phosphoric compounds such as ammonium phosphate, 
organic phosphoric compounds such as phosphoric es- 

30 ter, and haiogenated compounds such as hexabromo 
benzene and tetrabromoblsphenol A or a mixture there- 
of. As the hardened resin contains more fire retardant, 
the hardened resin can be more fire-resistant but re- 
versely the hardened resin has less hydrogen number 

35 density and becomes more viscous. To give a high 
shielding perfomiance, fire resistance and workability to 
the hardened resin In a well-balanced manner, the ratio 
of the fire retardant should be 30% to 60% by weight. 
[0026] The neutron absorbing materials are prefera- 

40 biy isotopes having a high thermal neutron absorbing 
sectional area and more preferably boron compounds 
such as boron carbide and boron nitride, cadmium com- 
pounds such as cadmium oxide, gadolinium com- 
pounds such as gadolinium oxide, and samarium com- 

45 pounds such as samarium oxide. However in general, 
these compounds are very expensive, the minimum ra- 
tio of addition can be determined from the neutron ab- 
sorbing performance and maximum ratio of addition can 
be determined from the cost of the neutron shielding ma- 

50 terial. From our cost and performance estimation, the 
preferable ratio of the neutron-absorbing material is 
0.1% to 10% by weight to get a neutron shielding mate- 
rial having a balanced relationship of shielding cost and 
performance. 

55 [0027] Preferaie metal hydrides are titanium hydride 
and preferable hydrogen-absorbing alloys are magne- 
sium-nickel alioy. 

[0028] The neutron shielding material of the present 
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invention is liard to lose the neutron shielding perform- 
ance even when exposed to a high temperature of 150 
to 200°C and has the neutron shielding ability improved 
in that temperature range. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] 

Fig. 1 illustrates an experimental thermal weight re- 
duction rates of bisphenol Aepoxy resins hardened 
by various hardeners. 

Fig. 2 illustrates an experimental thermal weight re- 
duction rates of various epoxy resins hardened by 
an acid anhydride hardener. 
Fig. 3 illustrates an experimental thermal weight re- 
duction rates of base resin mixtures of bisphenol A 
epoxy resin and hydrogenated bisphenol A epoxy 
resin at various ratios hardened by hardeners. 
Fig. 4 illustrates the configuration of a metal cask 
employing the neutron shielding material of Embod- 
iment 1 . 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(Embodiment 1) 

[0030] Among combinations of bisphenol A epoxy 
resin and various hardeners, the resin product prepared 

by heat-hardening bisphenol A epoxy resin in combina- 
tion with acid anhydride and aromatic amine or the like 
features a low thermal weight reduction rate, excellent 
heat resistance, and a low hydrogen number density 
which is already explained referring to Fig. 1. Alicyclic 
di-glycidyl ether type epoxy resin is used as the base 
resin to increase the hydrogen number density without 
reducing the heat resistance thereof. We inventors pre- 
pared base resins by mixing bisphenol A epoxy resin 
and alicyclic di-giycidyl ether epoxy resin at various ra- 
tios, heat-hardened them by acid anhydride or aromatic 
amine, and evaluated their weight reduction rates at 
20C°C. Fig. 3 shows the resuit of the experiment, in this 
experiment, we used bisphenol A epoxy resin having 
epoxy equivalent of 180 to 190 grams/equivalent and 
viscosity of about 1 00 dPa.s at room temperature as the 
bisphenol A epoxy resin, and commercially-available 
hydrogenated bisphenol A epoxy resin having epoxy 
equivalent of about 240 grams/equivalent and viscosity 
of about 35 dPa.s at room temperature as the alicyclic 
di-glycidyl ether type epoxy resin. Further we used a 
mixture of methylcyclopentadiene to which maleic an- 
hydride is added and a small amount of imidazole as an 
acid anhydride type hardener, and methylene di-aniline 
as an aromatic amine type hardener. 
[0031 ] When the aromatic amine hardener is used to 
harden the epoxy resin, the thermal weight reduction 
rate becomes greater as the hydrogenated bisphenol A 



epoxy resin occupies more in the base resin. Contrarily 
when the acid anhydride hardener is used, the thermal 
weight reduction rate of the hardened resin is low even 
when the base resin is all hydrogenated bisphenol A 

5 epoxy resin (100%). Further as the content of the hydro- 
genated bisphenol A epoxy resin increases in the base 
resin, the hardened resin has higher hydrogen number 
density and higher neutron shielding perfonnance. On 
the basis of the above experimental knowledge, this em- 

10 bodiment explains a neutron shielding material compris- 
ing a hardened resin prepared by hardening the hydro- 
genated bisphenol A epoxy resin by acid anhydride. The 
neutron shielding material of this embodiment is pre- 
pared with the base resin, a hardener, and a hardening 

'5 promoter which are already described above. The neu- 
tron shielding material of this embodiment is prepared 
in the procedure below. 

[0032] This embodiment uses hydrogenated bisphe- 
nol A epoxy resin whose epoxy equivalent is about 240 

20 grams/equivalent as the base resin. We prepared a mix- 
ture of 1 00 parts by weight of base resin, about 65 parts 
by weight of acid anhydride hardener such as methyl- 
cyclopentadiene to which maleic anhydride is added, 
0.1 to 2 parts by weight of 2-ethyl 4-methyl imidazole as 

25 a hardening promoter, 130 to 200 parts by weight of 
magnesium hydroxide whose mean grain size (of prima- 
ry particles) is 1 to 2 ^m as a fire retardant, and about 
3 parts by weight of boron carbide powder whose mean 
grain size is 1 00 ^.m. This mixture was fully mixed up at 

30 a constant temperature of 70 to 1 00°C and poured into 
a preheated die. Initially, the mixture was heated at 
about 80 to 130°Cfor2to4 hoursfor primary hardening, 
then at about 140 to 170°Cfor4to 12 hours for second- 
ary hardening, at about 200°C for a short time period if 

35 necessary, and cooled the mixture gradually. We used 
this hardened resin as a neutron shielding material. 
[0033] The above neutron shielding material of this 
embodiment will not reduce the neutron shielding per- 
formance even when the neutron shielding matenal is 

40 exposed to high temperature of 150 to 200°C for a long 
time period. 

[0034] Referring to Fig. 4, a metal cask will be ex- 
plained below which employs the neutron shielding ma- 
terial of this embodiment. A metal cask 1 consists of an 

45 outer shell (outer shell) which forms the container, an 
inner shell 2 having heat-conductive aluminum fins 4 
spaced on the outer periphery of the inner shell 2 (inner 
shell), and a grid-like metallic basket 6 placed inside the 
inner shell. The neutron absorbing material 5 prepared 

50 by this embodiment is filled in the space between the 
outer shell 3 and the inner shell 2 which is partitioned 
by the heat-conductive fins 4. The inner shell having an 
opening on the top is made of carbon steel and can 
shield gamma rays. The metallic basket 6 has a plurality 

55 of cells each of which is designed to store a spent fuel 
aggregate. The opening of the inner shell 2 is closed 
with a primary lid 7 to prevent leakage of radioactive ma- 
terials and a secondary lid 8 which is placed over the 
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primary lid. The inner space of the primary iid 7 is also 
filled with the neutron absorbing material 5. In case the 
metallic basket 6 in the metal cask 1 stores 70 spentfuel 
assembly which are stored for a short period in a water- 
cooled pool or high-burnup fuel assembly, the temper- 
ature of the neutron shielding material 5 goes up to 150 
to 200°C due to the heat emitted from the fuel assembly. 
However, in this case, the neutron shielding perform- 
ance of the metal cask 1 does not go down because the 
neutron shielding material 5 keeps the neutron absorb- 
ing performance even when it is exposed to a high tem- 
perature of 150 to 200°C for a long time period. As ex- 
plained above, the metal cask 1 can store about 60 or 
more spent fuel assembiy which are short-stored in a 
water-cooied pool or high-burnup fuel assembly. The 
neutron shielding material of this embodiment is also ap- 
plicabie to shield the high temperature areas of 150 to 
200°C in the radioactive material treating facilities such 
as reactor vessels, nuclear fuel reprocessing facilities, 
spent fuel storing facilities, and accelerator facilities. 
The embodiments 2 to 5 below are aiso applicabie to 
such radioactive material treating facilities, 
[0035] The base epoxy resin can be hydrogenated bi- 
sphenol A epoxy resin singly or together with bisphenol 
A epoxy resi n . Further the epoxy resin to be m ixed there- 
with can be bisphenol A epoxy resin, bisphenol F epoxy 
resin, or novolac type epoxy resin such as phenol no- 
volac epoxy resin and cresol novolac epoxy resin. The 
glycidyl ether type epoxy resin can be substituted by gly- 
cidyl ester type epoxy resin, glycidyl amine type epoxy 
resin, biphenyl type epoxy resin, or naphthalene type 
epoxy resin. Further, the hydrogenated bisphenol A type 
epoxy resin can be substituted by any epoxy compound 
such as alicyclic epoxy compound having more hydro- 
gen atoms in the molecule. Any combination of base 
resin and hardener is selectable as long as the base res- 
in and the hardener are fit for heat-hardening and the 
hardened resin contains hydrogen atoms of 5 x 1 0^2 at- 
oms/cm3 or more. 

[0036] For explanation, this embodiment uses meth- 
ylcyclopentadiene to which maleic anhydride is added 
as a hardener, but it can be substituted by any known 
acid anhydride hardener selected from the group of 
phthalic anhydride, maleic anhydride, methyl nadic an- 
hydride, succinic anhydride, pyromellitic anhydride, 
chlorendic anhydride, and modification thereof, or a mix- 
ture thereof. If it is possible to take much time for hard- 
ening, the hardening promoter such as imidazole type 
hardener or the like need not be added. 
[0037] Although this embodiment uses magnesium 
hydroxide as a fire retardant, the fire retardant need not 
be added if the neutron shielding material is applied to 
what does not require flame resistance. To prepare a 
neutron shielding material which does not want the re- 
duction in the hydrogen number density during heat- 
hardening aluminum hydroxide can be used instead of 
magnesium hydroxide. Calcium hydroxide, hydro gar- 
net and the like can be used as a fire retardant. In the 



above description, the quantity of magnesium hydroxide 
to be added is determined according to the viscosity, the 
mixing time, and effect of flame resistance assuming 
that the resin mixture is mixed up at about 80°C. How- 
5 ever unless the viscosity of the mixture exceeds a max- 
imum of 200 grams/eq.s, the quantity of magnesium hy- 
droxide to be added can be changed according to the 
viscosity and the mixing temperature. Similarly, it is also 
possible to determine the quantity of magnesium hy- 
10 droxideto be added from a point of view that the viscos- 
ity is 200 grams/eq .s or less for at least one hour or long- 
er. Further, it is possible to determine the quantity of a 
fire retardant to be added from a point of view that the 
oxygen index of the hardened resin exceeds 20. 
15 [0038] Any other boron compounds such as boron ni- 
tride than boron carbide can be added to the neutron 
absorbing material. Further, the neutron absorbing ma- 
terial can be omitted for some special applications. The 
boron compounds can be substituted by cadmium ox- 
20 ide, gadolinium oxide, and samarium oxide. 

(Embodiment 2) 

[0039] This embodiment uses, as a neutron shielding 
25 material, a heat-setting epoxy resin prepared by hard- 
ening alicyclic di-glycidyl ether type epoxy resin as the 
base resin by a mixture of acid anhydride and amine 

hardeners. 

[0040] This embodiment as well as Embodiment 1 us- 

30 es hydrogenated bisphenol A epoxy resin as the alicy- 
clic di-glycidyl ether type epoxy resin. Methylcyclopen- 
tadiene to which maleic anhydride is added is used as 
an acid anhydride hardener as well as in Embodiment 
1. This embodiment uses a mixture of alicyclic 

35 polyamine and methylcyclopentadiene to which maleic 
anhydride is added as a hardener and an imidazole 
compound as the hardening promoter As well as Em- 
bodiment 1 , this embodiment uses magnesium hydrox- 
ide as the fire retardant and boron carbide as the neu- 

40 tron absorbing material, 

[0041] When acid anhydride is used singly as the 
hardener, the ratio of acid anhydride to the base resin 
is determined by a stoichiometric relationship between 
the equivalent of base epoxy resin and the equivalent 

45 of acid anhydride. The content of hydrogen atoms in the 
acid anhydride is comparatively small. Therefore, it is 
assumed that the acid anhydride, when used singly as 
the hardener, works to dilute the hydrogen atoms in the 
base resin. Accordingly, this embodiment reduces the 

50 quantity of acid anhydride to be added to the base resin 
and add an amine type hardener to make up for it. The 
quantity of the amine hardener to harden a predeter- 
mined quantity of the base resin is generally half to one 
third of the quantity of the acid anhydride hardener to 

55 harden the base resin. Therefore, we can increase the 
ratio of the base resin relative to the whole resin by sub- 
stituting part of the acid anhydride hardener by the 
amine type hardener. This can also increase the hydro- 
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gen number density of the hardened resin. This embod- 
iment describes an exampie of compounding ratio which 
reacts about 30% of the whole epoxy resin groups in the 
base resin with the amine type hardener and the remain- 
der with the acid anhydride hardener. The compounding 
ratio is 1 00 parts by weight of hydrogenated bisphenol 
A epoxy resin as the base resin, 45 parts by weight of 
acid anhydride as part of the hardener, about 8 parts by 
weight of alicyclic polyamine, about 150 parts by weight 
of magnesium hydroxide as the fir retardant, and about 
3 parts by weight of boron carbide as the neutron ab- 
sorbing material, This mixture was fully mixed up at 
about 80°C and poured into a die. The mixture was heat- 
ed and hardened in the same manner as Embodiment 
1 . We used this hardened resin as a neutron shielding 
material. 

[0042] The neutron shielding material of this embod- 
iment which has been prepared as explained above 
does not lose the neutron shielding perfomiance even 
when it is exposed to a high temperature of 1 50 to 200°C 
for a long time period. The neutron shielding material of 
this embodiment can have higher hydrogen number 
density than that of Embodiment 1 . The metal cask em- 
ploying the neutron shielding material of this embodi- 
ment uses the neutron absorbing material 5 (of Fig. 4) 
of the neutron shielding material of this embodiment. 
The metal cask 1 employing the neutron shielding ma- 
terial of this embodiment can store about 60 or more 
spent fuel assembly which are short-stored In a water- 
cooled pool or high-burnup fuel assembly. 
[0043] This embodiment as well as neutron shielding 
material 1 can substitute the base resin, the anhydride, 
the fire retardant, and the neutron shielding material by 
the other materials. Any publicly-known alicyclic 
polyamine compound can be used as a hardener as 
long as It can be used for heat-setting. 

(Embodiment 3) 

[0044] This embodiment uses, as a neutron shielding 
material, a heat-setting epoxy resin prepared by hard- 
ening a base resin by add anhydride orthe like and add- 
ing hydrogenated titanium thereto. 
[0045] This embodiment uses bisphenol A epoxy res- 
in as the base resin and acid anhydride as a hardener. 
To complete the hardening reaction within about one 
day, a hardening promoter such as imidazole is added 
to the resin mixture. Further, to this mixture are added 
magnesium hydroxide as the fire retardant, boron car- 
bide as the neutron absorbing material, and halogenat- 
ed titanium. Their ratios by weight in the mixture are 
about 30% of magnesium hydroxide, about 3% or less 
boron carbide, 20% to 30% of halogenated titanium, and 
the remainder of bisphenol A epoxy resin. This mixture 
was fully mixed up at 80°C and poured into a die. The 
mixture was heated and hardened in the same manner 
as Embodiment 1 . We used this hardened resin as a 
neutron shielding material. 



[0046] The base resin can be bisphenol A epoxy res- 
in, its modification, and various novolac epoxy resins 
such as glycidyl ether type epoxy resin, glycidyl ester 
type epoxy resin, glycidyl amine type epoxy resin, and 

5 biphenol type epoxy resin or a mixture thereof with ali- 
cyclic di-glycidyl ether type epoxy resin. Besides acid 
anhydride, the hardener can be any kind of publicly- 
known amine type hardener for heat-setting resins. 
[0047] The fire retardant and the neutron absorbing 

10 material can be substituted as well as In Embodiment 1 . 
Hydrogenated titanium can be substituted by a hydro- 
gen-absorbing alloy such as magnesium and nickel al- 
loy. 

[0048] The neutron shielding material of this embod- 

'5 Iment which has been prepared as explained above 
does not lose the neutron shielding perfomiance even 
when it is exposedto a high temperature of 1 50 to 200°C 
for a long time period. The neutron shielding material of 
this embodiment can have higher hydrogen number 

20 density than that of Embodiment 1. In other words, this 
embodiment can provide a neutron shielding material 
which does not lose the neutron shielding performance 
even when It Is exposed to a high temperature for a long 
time. Further, as this embodiment uses a metal hydride 

25 to Increase the hydrogen numberdensity of the neutron 
shielding material, the neutron shielding material can 
have excellent heat resistance and neutron shielding 
perfomiance. The metal cask employing the neutron 
shielding material of this embodiment uses the neutron 

30 absorbing material 5 (of Fig. 4) of the neutron shielding 
material of this embodiment. The metal cask 1 employ- 
ing the neutron shielding material of this embodiment 
can store about 60 or more spent fuel assembly which 
are short-stored in a water-cooled pool or hIgh-burnup 

35 fuel assembly. 

(Embodiment 4) 

[0049] As seen from Fig. 3, for the use of an aromatic 

40 amine hardener, when the rate of hydrogenated bisphe- 
nol A epoxy resin increases in the base resin (which is 
a mixture of bisphenol A epoxy resin and hydrogenated 
bisphenol A epoxy resin), the hydrogen number density 
of the hardened resin increases but the thermal weight 
45 reduction rate becomes greater. However, as long as 
hydrogenated bisphenol A epoxy resin is up to 50% by 
weight of the whole base resin, the hardened resin is 
fully available under a high temperature condition of 
1 50°C or higher. This embodiment explains an example 
50 of using, as a neutron shielding material, a heat-setting 
epoxy resin prepared by hardening a mixture of bisphe- 
nol A epoxy resin and hydrogenated bisphenol A epoxy 
resin as the base resin by an aromatic amine hardener 
[0050] This embodiment uses the same materials as 
55 those used for Fig. 3 tests. The materials are bisphenol 
A epoxy resin having epoxy equivalent of about 180 to 
190 grams/equivalent and hydrogenated bisphenol A 
epoxy resin having epoxy equivalent of about 240 
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grams/equivalent as the base resin, and methylene di- 
aniline compound as the aromatic amine hardener 
[0051] The base resin of this embodiment is a mixture 
of 50 parts by weight of bisphenol A epoxy resin and 50 
parts by weight of hydrogenated bisphenol A epoxy res- 
in. To this base resin are added about 30 parts by weight 
of aromatic amine, 1 00 to 160 parts by weight of mag- 
nesium hydroxide as a fire retardant, and about 3 parts 
by weight of boron carbide. This mixture was fully mixed 
up at a constant temperature in the range of 70 to 1 00°C 
and poured the homogeneous mixture liquid into a die. 
The mixture in the die was heated at 80 to 120°C for 
about 2 hours for primary hardening, then heated at 120 
to 1 80°C for about 4 to 1 2 hours for secondary harden- 
ing, heated to about 200°C for a comparatively short 
time for final hardening If necessary, and then cooled. 
We used this hardened resin as a neutron shielding ma- 
terial. 

[0052] The neutron shielding material of this embod- 
iment which has been prepared as explained above 
does not lose the neutron shielding performance even 
when it is exposed to a high temperature of 1 50 to 200°C 
for a long time period. The metal cask employing the 
neutron shielding material of this embodiment uses the 
neutron absorbing material 5 (of Fig. 4) of the neutron 
shielding material of this embodiment. The metal cask 
1 employing the neutron shielding material of this em- 
bodiment can store about 60 or more spent fuel assem- 
bly which are short-stored In a water-cooled pool or 
high-burnup fuel assembly. 

[0053] Epoxy resins to be combined with hydrogenat- 
ed bisphenol A epoxy resin as the base resin can be 
bisphenol A epoxy resin and other epoxy resins such as 
novolac epoxy resin listed in Embodiment 1 . The hydro- 
genated bisphenol A epoxy resin can be substituted by 
any epoxy compound such as allcycllc epoxy which con- 
tains a lot of hydrogen atoms in the molecule. Base res- 
ins and hardeners can be determined from a point of 
view that the hydrogen number density of the hardened 
resin is 5 x 1 0^2 atoms/cm^, 

[0054] Any publicly-known alicycilc polyamlne com- 
pound can be used as a hardener as long as It can be 

used for heat-setting. Further the fire retardant and the 
neutron absorbing material can be substituted by other 
substances as well as In Embodiment 1 . 

(Embodiment 5) 

[0055] This embodiment explains a neutron shielding 
material prepared by hardening bisphenol A epoxy resin 
singly by an alicycilc polyamlne hardener The epoxy 
resin mixture comprises 1 00 parts by weight of bisphe- 
nol A epoxy resin as the base resin, about 30 parts by 
weight of alicycilc polyamlne, 150 to 200 parts by weight 
of alumina trihydrate, and 3 parts by weight of boron car- 
bide powder This mixture was fully mixed up at room 
temperature to make it uniform. This liquid resin mixture 
was poured into a die, left at room temperature for one 



day or longer or preferably about 7 days to harden it, 
heated up to 180 to 200°C for secondary hardening, 
heated to 180 to 200°C for a comparatively short time 
for final hardening, and then cooled. It is also possible 

5 to gradually increase the primary hardening tempera- 
ture from about 40°C to about 90°C and proceed to sec- 
ondary hardening under the above condition. 
[0056] The above hardened resin Is placed outside 
the Inner shell of the metal cask. 

10 [0057] The neutron shielding material of this embod- 
iment which has been prepared as explained above 
does not lose the neutron shielding performance even 
when it Is exposedto a high temperature of 1 50 to 200°C 
for a long time period. The metal cask employing the 

'5 neutron shielding material of this embodiment uses the 
neutron absorbing material 5 (of Fig. 4) of the neutron 
shielding material of this embodiment. The metal cask 
1 employing the neutron shielding material of this em- 
bodiment can Increase the number of spent fuel assem- 

20 biy which are short-stored in a water-cooled pool or 
high-burnup fuel assembly. In summary, this embodi- 
ment can provide a neutron shielding material whose 
shielding perfomiance does not go down even when it 
Is exposed to a high temperature for a long time. The 

25 primary hardening of the mixture at room temperature 
can lessen the thermal load in application. Further this 
embodiment enables secondary hardening In the exe- 
cution of a heat transfer test. 
[0058] The base resin can be substituted by any of 

30 glycldyl ethertype epoxy resin, glycidyl estertype epoxy 
resin, glycidyl aminetype epoxy resin, and biphenyltype 
epoxy resin. For easier handling, the bisphenol A epoxy 
resin can be made less viscous by reducing the degree 
of crossllnking, by a proper diluting agent, or by a type 

35 modified to reduce the viscosity. It is possible to obtain 
a hardened resin of high hydrogen number density by 
using a hydrogen-rich epoxy compound such as alicy- 
cilc dl-glycldyl ether type epoxy resin singly or in com- 
bination with various epoxy resin such as bisphenol A 

40 epoxy resin. In any case, the epoxy resin can be heat- 
hardened Into a neutron shielding material whose neu- 
tron shielding performance doe not go down for a long 
time period. 

[0059] The fire retardant and the neutron absorbing 
45 material of this embodiment can be changed as well as 
In Embodiment 1 . 



Claims 

1 . A neutron shielding material containing epoxy resin 
as one of main component, comprising a hardened 
material which is prepared by mixing a base resin 
which contains a compound including two or more 
epoxy groups In the molecule as at least one com- 
ponentwlth a hardenerfor opening said epoxy rings 
and polymerizing thereof at a temperature higher 
than room temperature. 
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2. A neutron shielding material containing epoxy resin 
as one of main component, comprising a hardened 
material which is prepared by mixing a base resin 
which contains a compound including two or more 
epoxy groups in the molecule as at least one com- 5 
ponentwith a hardenerfor opening said epoxy rings 
and polymerizing thereof, wherein the setting tem- 
perature is higher than room temperature. 

3. A neutron shielding material according to claim 1 or io 

2, wherein said base resin is a member selected 
from the group of bisphenol Aepoxy compound, no- 
volak epoxy compound, alicyclic glycidyl ether type 
epoxy compound, various glycidyl estertype epoxy 
compound, glycidyl amine type epoxy compound, '5 
and biphenol type epoxy compound or a mixture 
thereof, and said hardener is a member selected 
from the group of amine type hardener such as ar- 
omatic amine, alicyclic amine, and polyamide 
amine, acid anhydrate type hardener, and imida- 20 
zole type hardening promoter or a mixture thereof. 

4. A neutron shielding material according to any of 
claims 1 to 3, wherein hardened material contains 

a fire retardant that said base resin contains. 25 

5. A neutron shielding material according to claim 4, 
wherein said fire retardant contains a member se- 
lected from the group consisting of metal hydroxide 
such as magnesium hydroxide, aluminum hydrox- 30 
ide, and calcium hydroxide, hydrates of said metal 
oxide, inorganic phosphoric compounds such as 
ammonium phosphate, organic phosphoric com- 
pounds such as phosphoric ester, and haiogenated 
compounds such as hexabromo benzene and tetra- 35 
bromobisphenol A. 

6. A neutron shielding material according to any of 
claims 1 to 5, wherein said hardened material con- 
tains a neutron absorbing material that is added to 40 
said base resin. 

7. A neutron shielding material according to claim 6, 
wherein said neutron absorbing material contains a 
member selected from the group consisting of boric 45 
compounds, cadmium compounds, gadolinium 
compounds, and samarium compounds. 

8. A neutron shielding material according to any of 
claims 1 to 7, wherein said hardened material con- so 
tains a metal hydride or a hydrogen-absorbing alloy 
that is added to said base resin. 

9. A neutron shielding material according to claim 3, 
wherein said base resin and said hardener are so 55 
mixed that the equivalent ratio of the active hydro- 
gen group in said amine type hardener to the epoxy 
group in said base resin may be 0.7 to 1 .3 when the 



amine type hardener is used as said hardener or 
the equivalent ratio of the total of active hydrogen 
group and acid anhydride to the epoxy group in said 
base resin may be 0.7 to 1 .3 when the amine type 
hardener is mixed up with the acid anhydride. 

10. A neutron shielding material according to claim 5, 

wherein said fire retardant, if it is a metal hydroxide 
or hydrate of said metal oxide, is added to said base 
resin at a ratio of 30% to 60% by weight of said base 
resin. 

11. A neutron shielding material according to claim 7, 

wherein said neutron absorbing material, if it is a 
boron carbide or boron nitride, is added to said base 
resin at a ratio of 0.1 to 1 0% by weight of said base 
resin. 

12. A neutron shielding material according to any of 

claims 1 to 8, wherein the components of the neu- 
tron shielding material are mixed up so that the vis- 
cosity of the liquid mixture of said base resin and 
said additives may not exceed 200 dPa.s immedi- 
ately after addition thereof at 30°C to 1 00°C. 

13. A neutron shielding material according to any of 
claims 1 to 8, wherein the components of the neu- 
tron shielding material are mixed up so that the vis- 
cosity of the liquid mixture of said base resin and 
said additives may not exceed 200 dPa.s at 30°C 
to 1 00°C for at least one hour. 

14. A neutron shielding material according to any of 
claims 1 to 8, wherein the components of the neu- 
tron shielding material are mixed up so that so that 
the hydrogen number density of the compound of 
said base resin and said additives may be 5 x 1 0^ 
hydrogen atoms/cm^. 

15. A neutron shielding material according to claim 4 or 
5, wherein said fire retardant is mixed so that the 
oxygen index said of said hardened material after 
heating may exceed 20. 

1 6. A neutron shielding material according to claim 4 or 

5, wherein the mean grain size of magnesium hy- 
droxide is 0.5 to 5 ^m when magnesium hydroxide 
is used as said fire retardant. 

17. A neutron shielding material according to any of 
claims 1 to 8, comprising said hardened material 
which is obtained by reacting said base resin with 
said additives at 30°C to 130°C as the first-order 
hardening and then reacting thereof at 130°C to 
1 80°C as the second-order hardening. 

18. A neutron shielding material according to any of 
claims 1 to 8, comprising said hardened material 
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which is obtained by reacting said base resin with 
said additives at room temperature as the first-order 
hardening and then reacting thereof at 60°C to 
1 80°C as the second-order hardening. 

5 

19. A spent-fuel storage casl< comprising an outershell, 
an inner shell provided inside said outer shell, a 
basket provided inside said outer shell to store 
spent fuel assembly, and a neutron shielding mate- 
rial according to any of claims 1 to 18 which is io 
placed between said inner and outer shells. 



15 



20 



25 



30 



35 



40 



45 



50 



55 



11 



EP1 316 968A2 



CD 

u: 







BASE RESIN: 

BISPHENOLA 
HEATING:200°C FOR 
200 HOURS 


TARGET VALUE 




lED AT 

ATURE 
ED BY 






R 


HARDEN 

ROOM 

TEMPER 

LHARDEN 

^HEAT 


\ 


u ^ 


















- 




























1 
1 

1 












1 

1 





LO ^ CO CM T- O 

(sanoH 003/%) 
31VH Noiionaaa ssvi/\i ivi/Ma3Hi 



12 



EP1 316 968A2 




EP1 316 968A2 



FIG. 3 



LU 



O 
D 
O 
LU 

DC 

is 

2 o 

OC <M 
1X1 

5^ 









□ 


AROMATIC AMINE 




( n 




6 



□ 



□ 



□ □ 

* • f 



ACID ANHYDRIDE 



20 



40 



60 



80 



100 



CONTENT OF HYDROGENATED BISPHENOL A 
EPOXY RESIN IN MAIN BASE ( % BY WEIGHT) 



FIG. 4 




14 



